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It will be the object of this department to present each month the very latest
results of investigations in the pedagogy of chemistry, to bring to the teacher
those new and progressive ideas which will enable him to keep abreast of the
times. Suggestions and contributions should be sent to Dr. B. S. Hopkins,
University of Illinois, Urbana, III.

THE PRESENT OPPORTUNITY IN CHEMISTRY.1

BY ROGER ADAMS,2
Assistant Professor of Organic Chemistry, University of Illinois.
A few years ago the public in this country scarcely knew what

chemistry or what a chemist was. When this war started, how-
ever, a change suddenly took place. The chemist is now one
of the most significant individuals in the majority of manu-
facturing plants, as well as of the most vital importance to the
war. In England at Oxford University the study of chemistry
used to be known popularly as the ^Study of the Stinks,^ but
now this science at that same university is certainly being
shown its due respect. ’

I believe that the present opportunity of the chemist may best
be pointed out to you by reviewing briefly the chemical develop-
ment made in this country by the American chemists since the
summer of 1914. It is needless to mention what a monopoly
Germany had on chemicals before the war started, a monopoly
not only in organic chemicals, but to a considerable extent in
inorganic chemicals. As soon as the supply was cut off it was
not a difficult matter for American manufacturers to increase
the output of most of those substances which had already been
manufactured, and develop the processes for other inorganic
chemicals of a similar nature, so that within a year most of the
inorganic substances purchasable before the war could be pro-
cured in this country. It was more difficult, however, to fill
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the increased demand for sulphuric and nitric acids which were
most urgently needed in enormous amounts for the manufacture
of explosives. Few people realize the large quantities of sul-
phuric acid needed in a country like the United States; in fact
it has often been said that the civilization of a nation can be
told by its output of this acid. In spite of Germany^s prestige in
chemistry, it was not more than ten years ago that the Badische
Anilin & Soda Fabrik paid a very large sum of money to
American manufacturers to find out the best apparatus for the
making of sulphuric acid. The large increase in the production
of nitric acid involved more complications, for the salt peter
necessary had to be imported from Chile. Fortunately, this
importation could be increased in a comparatively short time
until the output of nitric acid was large enough to supply the
demand. With the entrance of the United States into the war,
the Government considered the problem of nitric acid much
more seriously because it was necessary to rely entirely upon
Chile for the raw materials needed for producing this acid.
If Germany had not solved the problem of synthesizing nitric
acid without the use of Chile salt peter, she could not have
continued the war for a year with the supply of. materials
on hand in that country in 1914. Last April a committee
of prominent American chemists was appointed to investigate
the situation in the United States and to make recommenda-
tions to Congress. These recommendations were passed,
and $35,000,000 was appropriated for purchasing a reserve
supply of sodium nitrate, while $20,000,000 was set aside for
the development of the general problems of fixation of nitrogen
from the air. Of these fixation methods, there are three which
have been used commercially in the European countries up to
the present time: the arc process of combining directly nitrogen
and oxygen to form the oxides of nitrogen; the cyanamide
process consisting of a direct combination of calcium carbide
and nitrogen to form calcium cyanamide; the Haber process,
a direct combination of nitrogen and hydrogen in the presence
of a catalyzer to form ammonia. By the first process, nitrates
can be formed by absorbing the oxides of nitrogen in alkali.
In the second, the calcium cyanamide is treated with steam to
yield ammonia, which can then be oxidized quantitatively to
nitric acid in the presence of air and a catalytic agent. In the
same way the ammonia obtained in the Haber process may be,
converted to nitric acid. The first method is practicable only
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where a large amount of water power is available, consequently
the latter two are those now being used in Germany. The
General Chemical Company of this country nearly five years
ago foresaw the necessity of synthesizing nitric acid from the
air, and set their chemical experts to work on the problem.
A process was developed which is now ready to be put into
commercial operation, a process far superior to any that has
been used in Germany or other countries. It consists in making
ammonia, then oxidizing it to the acid. Although similar to
the Haber process in that ammonia is produced by the direct
combination of nitrogen and hydrogen in the presence of a
catalyzer, it has the distinct advantages of using much lower
temperatures, obtaining double the yields, and involving simpler
mechanical apparatus. Of the $20,000,000 appropriated, the
committee recommended that $3,500,000 be devoted to a plant
to be erected in Sheffield, Ala., capable of producing 60,000
pounds of ammonia per day by the General Chemical Company^s
process and of converting this ammonia to nitric acid. Much
smaller sums were set aside for the further study of other meth-
ods, excluding the arc method, which seemed impracticable at
present. The most promising of these is that developed by
Professor Bucher of Brown University during the last ten years,
consisting of the reaction of sodium carbonate, coal, and nitro-
gen in the presence of iron as a catalyzer to form sodium cyanide,
which by boiling with caustic soda gives ammonia and sodium
formate. The ammonia can then be oxidized to nitric acid.
The prospects are bright, therefore, that within a year the
United States will be independent of foreign lands for their nitric
acid.
Of the other inorganic chemicals, the lack of potassium salts

was most seriously felt. Formerly, these h^d been imported
almost exclusively from the Stassfurt beds of Germany, so that
to supply the needs of the United States it became necessary
to seek other sources. The kelp industry developed to an enor-
mous extent, especially along the California coast; the extrac-
tion of potassium from alunite and other potassium-containing
silicates met with more or less success; the extraction from
beet sugar residues became a large business; the extraction from
various natural brines and salts increased remarkably. Searles
Lake in California alone is said to contain ten million tons of
potassium salts, and the process of separation from the other
salts is already a practical proposition. Finally, many plants
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for the extraction of potassium from wood ashes have been
started, and in the Middle Western States huge amounts of
corn cobs are burned daily for the large percentage of potassium
that the ashes contain. To show the marked increase in the
potassium industry, a few figures may be given. In 1915, the
output of the various potassium compounds corresponded to a
thousand tons of potassium oxide; in 1916 to ten thousand tons
of potassium oxide; and the indications are that in 1917 the
output will correspond to between fifteen thousand and twenty
thousand tons. About forty per cent has come from the natural
salts and brines, forty per cent from kelp, and twenty per cent
from the other sources mentioned above. Thus the potassium
difficulty is being satisfactorily solved.
Although much smaller in volume, the lack of an organic

chemical industry was much more keenly felt by the general
public. When a man^s new black overcoat or a lady^s black
spring hat turned green in the course of a few weeks, that par-
ticular person began to realize that something should be done
in regard to the dyestuff industry. In the same way, when
thousands of persons could not purchase the medicinals they
formerly used, these individuals began to feel that this country
needed something more than a chain of drug stores. The
organic chemicals may be divided into four groups, explosives,
dyes, drugs and photographical developers, and fancy organic
chemicals.

It is hardly necessary to mention the explosive industry.
It was a strong one in this country before the war, and a compari-
son of the exports in 1914 with those of 1917 will serve to make
one understand how rapidly it has expanded. In 1914, $6,000,-
000 worth were exported; in 1917, the figure will reach $1,240,-
000,000.
As for the dyes, the seeming slowness in their manufacture

during the first year of the war may be excused when it is realized
that the most fundamental substances, as well as the interme-
diate compounds, had to be manufactured before the finished
products could be made. Germany had such a complete mo-
nopoly in tnis line of chemicals that the commonest substances
were not produced in this country. When it became necessary,
however, to develop this industry, which consisted before the
war of five American concerns of comparatively small size that
did some manufacturing but were for the most part importers
of foreign, dyestuffs, the manufacturers came- to the front.
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At present, there are 150 firms producing either intermediate
products or finished dyes, and of these at least fifteen are very
large corporations. Already, about eighty per cent of all the
dyestuffs which were imported before the war are now being
manufactured in this country, and it is probable that half of the
remaining twenty per cent will be on the market within the next
year. The,, final ten per cent are very complex in nature, dim-
cult to prepare, and needed only in small amounts. When
it is brought to one^s attention that for some of the common
cotton dyes it requires more than twenty distinct processes
in order to get the finished product, it is remarkable that the
development has been as rapid as it has. It is true that high
prices still persist, so that only the more expensive goods con-
tain the better dyes, but this is simply because the manu-
facturer has invested large amounts of money, and as long as
possible intends to make a big profit. Moreover, he prefers to
work out at this time the preparation of new dyestuffs rather
than spend his energy in developing to a greater extent the ones
which he has already produced successfully in a commercial
way. In 1913, $350,000 worth of dyes were made in this coun-
try; in 1917, $12,000,000 worth, and of this $12,000,000 worth,
a very appreciable proportion has been exported. Last July
alone, $500,000 worth were shipped abroad, chiefly to Argentine,
Brazil, Japan, and British India.
One often hears it asked why American manufacturers di.d

not enter this field before the war. The reply has been that it
was due to the fact that we did not have good chemists in this
country. That is a great mistake. The dye industry was not
taken up for two reasons. First, no really large concern cared
to go into this work, and smaller concerns were unable to com-
pete with the German industrial methods. One specific example
may be cited. About six or eight years ago, a concern in the
East built a .$200,000 plant for the production of aniline. At
that time, aniline sold for twelve cents a pound and these par-
ticular manufacturers were able to produce it ’at 11 cents. Not
long after their product was on the market, the imported ma-
terial suddenly dropped to between nine cents and ten cents,
and upon investigation it was shown that the German manu-
facturers were selling below cost. This was continued for nearly
a year and a half until it was necessary for the American dealers
to drop the business. About three months after that date the
price of the imported material rose to thirteen cents a pound.
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The question as to why a larger manufacturer did not take up
,the work may be easily answered. Although the business was
extremely important, it was not large enough to attract the
American investor, because the labor and experimentation costs
were great, and the returns would have been comparatively
small, particularly on account of the keen competition which
was sure to come from Germany. The following illustration
will serve to bring out this point. All of the various color in-
dustries in Germany together manufactured over twelve hun-
dred products and controlled probably eighty per cent of the
world^s markets. They paid in 1913 dividends to the amount
of $13,000,000. In the same year the Ford Motor Car Company,
which produced only one article, earned four times the amount
of all these German color industries together, and paid at the
same time three times the wages. Many more instances of
this same kind might be given. The dye industry in this coun-
try is now here to stay, however. Not long ago I was told
by the head of a big factory that they were producing many of
the chemicals which were needed in very large amounts at a
cost thirty per cent to forty per cent below-what these sub-
stances sold for before the war, in spite of the fact that their
raw materials were much more expensive. With a reasonable
protection by the United States Government, the indications are
that the American dye industry, in the next decade will become
second to none in the world.
The photographic developers have gradually been manufac-

tured at the same time as the dyestuffs, so I will pass over this
interesting group of substances and speak briefly of the drugs.
Even before the summer of 1914 this country produced and
exported large amounts of natural medicinals, substances ex-
tracted from plants, as quinine, strychnine, etc. But com-
paratively few synthetic drugs, those made up in the laboratory
from simple organic substances, were produced in this country.
At the present time, however, practically all the common
ones are made and even exported in large quantities. The
synthetic drug industry is a much newer one than the dyestuff,
and many of the important drugs are still under the patent
laws, and these patents are held chiefly by alien enemies. Since
some of these substances are of extreme importance, the Gov-
ernment, a short time ago, passed a bill which would allow a
reliable American manufacturer to obtain a license from the
Federal Trade Commission to produce these substances provided
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he pay into the United States Treasury five per cent of the gross
proceeds from his sales. This arrangement is to proceed until
a year after the war is completed, six months from which time
the patentee must sue the American dealer for his royalty.
A court is then to decide whether the five per cent is large enough
or too large, and the exact amount to be paid to the patentee
will be settled. This bill, however, does not suit the American
concerns, and a number of the larger ones have been unwilling
to take up the manufacture of these patented drugs under such
conditions. The American Government is willing to license
more than one concern for the manufacture of these drugs,
and therefore there will be competition, not only at the
present time, but even keener competition with the German
producers after the war. Although the bill has been
passed for five or six weeks, comparatively few applications
for licenses have been made, and many of these have
come from concerns controlled by German capital. A few
American manufacturers will no doubt undertake the
production of certain of these patented drugs for which the de-
mand is extremely large and where the indications are that the
necessary investments will be paid for and big profits made
before the war is over. In this group may be mentioned especially
salvarsan, needed so extensively in the army, and novocaine,
a local anaesthetic of the greatest value. There were some
hundred or more other drugs manufactured almost exclusively
in Germany and sold in this country before the war which had
only a very specific use and consequently for the most part
only small sales. Many of these are still under the patent
laws. The remainder are not, but it will be’ a long time before
American concerns will undertake the synthesis of these sub-
stances. The demand is small, the manufacture difficult, and
in most cases nearly as good substitutes of much simpler nature
are on the market. The drug industry in this country at pres-
ent, although not as satisfactory as that of the dyes, is being
rapidly developed, and it will not be long before the United
States will hold its own in this branch of chemistry.
The last class of organic substances is the fancy organic

chemical reagents. These include not only the materials badly
needed for scientific research, but also those almost indispensable
for analytical work, food testing, etc., as dimethyl glyoxime
for the quantitative determination of nickel, cupferron for the
separation of iron and copper, phenyl hydrazine for sugar
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separations, and many others. Considerable quantities of these
compounds were on hand in this country when the war broke
out, held chiefly by university laboratories and distributing
concerns. By careful conservation on the part of the universities
and greatly advanced prices on the part of the distributing
houses, a serious lack of these reagents was not felt until this
last year. The manufacturers have not attempted, and will
not at present attempt, to produce these compounds, on account
of the comparatively small demand, on account of the skilled
chemists that it needs for this work, and on account of the very
small profits involved. The University of Illinois undertook
the work of preparing many of these substances which were
needed most. Since the 1st of June a number of graduate stu-
dents have been employed in this laboratory and have made
up to the present time over one hundred different compounds
which had not been manufactured in this country before and
which were badly needed by laboratories all over the country.
In this work special attention has been paid to ’developing the
processes from the laboratory scale of 25 or 50 grams to a scale
of 1 or 2 pounds, and thus it has been possible to give the men
a training not to be obtained in any other way in a university,
a training of the kind most needed now in the chemical industry.
At the same time, valuable service has been rendered to scientific,
technical, and Government laboratories throughout the country.
Moreover, the students have been paid enough so that their
living expenses would be covered. Amounts of these reagents
varying from a few grams of certain ones to nearly a hundred
pounds of others have been made and sent away, and the busi-
ness already has amounted to between $7,000 and $8,000,
which is large if it be considered that not a single piece of ap-
paratus has been used which was not formerly at hand, and not
a single man doing the work has had any training outside the
university. At the present time the cooperation of other large
universities is being sought so that more ground may be covered.
It is hoped to form an organization for the manufacture of this
class of substances which will continue not only until the war
ends, but until such a time as a large American manufacturer
will undertake the work, not for profit, but to help the United
States become independent of foreign laboratories.
One other phase of chemistry should not be overlooked at the

present time, the chemistry of gas warfare. This can hardly
be called an industry unless it is determined by the amount of



OPPORTUNITY IN CHEMISTRY 65

money expended for its development. England is spending
$125,000 a day simply for its study, and that sum does not
include th-e cost of manufacture of the material actually used
in the fighting. In February, 1915, the first attacks were made
with chlorine and bromine. Four days after that attack, the
English had provided one million troops in France with pro-
tective masks. Since that time, the intensive study of poisonous
gases and liquids and the protection therefrom has been the
serious problem of the leading chemists in the various warring
nations. Last spring a large per cent of all the shells fired
on the Western front were liquid shells, and that number is
increasing continually. The use of gases has been given up to
a considerable extent as they are too volatile and soon blown
away. What is sought for now especially are liquids, boiling
between 100° and 200°, tear-producing and poisonous. These
will often remain on the ground for days and prevent the sol-
diers from remaining there except when wearing their masks.
The first attack at Verdun was made with a new liquid which
was not absorbed by French gas masks, and it is reported that
the original attack on the Italian front a few weeks ago was
started with a liquid which had not hitherto been used. The
extreme importance of this warfare can immediately be seen,
for if it were possible to obtain a poisonous liquid or gas not
absorbed by the enemies^ masks, and which could be produced
and used in large amounts, the chances of breaking through
a line not supported by many reserves would be great. There
are, at Washington, at the present time, between two and three
hundred chemists working continually on the development of
different phases of this warfare, from the offensive side as well
as the defensive side. An interesting point in connection with
this work is the great secrecy needed, since the secret service
of the various nations is most active and effective. Not many
months ago, it was reported that the Germans used a colorless,
odorless liquid or gas which when breathed gradually poisoned
the soldiers, caused blindness in the course of a few days, and
subsequent death. This report was true, but before the ma-
terial was used on the Western front the English Secret Service
had found out what it was, how much the Germans were capa-
ble of manufacturing, had obtained blue prints of the me-
chanical apparatus, and these were in England long before
an attack was made with it. This allowed time for developing
sufficient protection for the men.
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It can be seen, therefore, that the present opportunity in
chemistry is great, and the advancement already made shows
that the-American chemists are not behind those of other
nations. The demand for men with a chemical training is enor-
mous at the present time, not only for those who have had a
training in research, but also those with simply a Bachelors
Degree. One concern wrote to me just the other day, stating
that they had sixteen positions to be filled, and other similar
instances are arising from time to time. I, personally, feel sure
that the demand is not a temporary one but permanent, for
the chemical industry in the United States is now on its feet.
Whereas the salaries offered beginning chemists five years ago
varied from $50 to $75 or $80 a month for a man who had had
four years^ undergraduate training, and $75 to $100 a month
for men with considerable graduate training or even a Doctors
Degree, at the present time a concern would not consider
offering less than $1,200 to $1,500 for a man who had had a col-
lege training in a good university, or less than $1,500 for a man
with some graduate training, while to men with a Ph. D. the
offers seldom fall below $2,000 and often are greater than that.
This last June, one of our students who received his Doctors
Degree, a man who was not more than an average student,
received a position at $2,300, and this fall was raised to $2,700,
a salary which puts to shame the majority of the assistant
professors^ salaries in this and other universities.

It would be possible to consider almost indefinitely the various
interesting phases of the chemical field, but I shall simply men-
tion that large numbers of chemists are also needed in the oil
industry, for water and food testing, for the development
of new and more efficient antiseptics and drugs, for the study
of new alloys for all kinds of engines, in fact for innumerable
fields of the greatest importance. ,

Thus a few of the accomplishments of the American chemists
and something of what they are attempting to accomplish have
been put before you. A relatively large number of these have
doubtless begun their chemistry in the high schools, and only
when one is reminded of this is the importance of the work
of the high school teacher realized. A student never loses his
first impression of’a subject, and it is possible thus to make or
break a man for any field in the first few months of training.
The new student’ must have his interest in the subject aroused,
he must be made to feel the importance of it, and he must
be able to see that chemistry is a connected field and not a mass
of isolated facts.


